The cross-spectral method of studying the isostasy was applied to profiles of gravity and topography which run across fracture zones in the Atlantic Ocean between 40øN and 40øS; 30 sections in total were used, each section 400 km long. In wavelengths 25 to 80 km the coherence of the free-air gravity anomaly and topography attains 0.8, while the phase is close to zero, which indicates that the disturbances in gravity are controlled by the topography and its isostatic compensation. The experimental isostatic response function (admittance) deduced in this study is compared with previous results which relied on different spatial distribution of data. A single mechanism of isostasy can explain well the gravity anomalies across fracture zones and across the median valley of the Mid-Atlantic Ridge. A basic feature of this mechanism is the elastic lithosphere 6 to 9 km in thickness. We show that the topography and gravity anomalies over the Mid-Atlantic Ridge creast are essentially three-dimensional. Nevertheless, the admittance is reliably computed from a set of profiles by using the method of D. McKenzie and C. Bowin. This possibility is provided by the favorable pattern of the topography spectrum in the area under consideration.
sphere deformed elastically when the topography was generated and that the deformation was 'frozen' into the thickening lithosphere. This means that the elastic thickness as estimated from gravity anomalies gives evidence of the way the topography was formed.
Methods of studying the isostasy have changed considerably in the last decade. Dorman and Lewis [1970] showed the advantages of the cross-spectral analysis of gravity and topography compared to the traditional spatial modeling. McKenzie and Bowin [1976] and Watts [1978] worked out a modification of the cross-spectral technique, adapted for the analysis of a set of profiles. This approach is well suited for oceanic areas where a regular survey is usually absent, and therefore it is impossible to apply the double Fourier transform following Dorman and Lewis. The studies of McKenzie and Bowin [1976] , Watts [1978] , and Cochran [1979] are quoted hereafter as papers 1, 2, and 3 respectively.
An estimate for the thickness of the lithosphere of the MidAtlantic Ridge was one of the most important results obtained with the cross-spectral technique. In paper 1, transatlantic profiles were used which crossed at various angles both the crestal zone and the flanks. Paper 3 treated 16 profiles, each one 400 km long, which were symmetrical with respect to the ridge axis and roughly perpendicular to it. Both studies Copyright ¸ 1981 by the American Geophysical Union. yielded almost identical values of the elastic thickness, 10 km in paper 1 and 9 km in paper 3. Such small thickness of the lithosphere agrees with the concept of plate tectonics that the hot mantle matter flows upward at the ridge axis. From the closeness of estimates related to the flanks and the crest, the authors of pape.rs 1 and 3 concluded that the short-wavelength topography of the ridge is formed near the axial zone and is subsequently transported toward the flanks in the process of spreading.
In this study we deal with the isostasy of the axial zone of the Mid-Atlantic Ridge, but we use a set of profiles essentially different from that in paper 3. Our profiles run parallel to the ridge axis, so that the disturbances in gravity and topography are associated with fracture zones. We show that the two-dimensional isostatic computation can be applied to such profiles with reasonable accuracy. With respect to terminology, we remind that the two-dimensional isostatic model involves the one-dimensional, ordinary Fourier transform, while the three-dimensional model involves the two-dimensional, or double transform.
The model of isostasy derived from profiles across the ridge may not hold if the profiles along the ridge, that is across fracture zones, are used to evaluate the admittance. It should be stressed that the concept adopted in papers 1, 2, and 3 assumes that the lithosphere deforms under the load of topography without cracks. In other words, both the median rift and transform faults are considered 'microcracks,' which diminish the effective Y6ung's modulus but do not prevent the propa- We use other profiles very briefly, to discuss a dependence of the admittance on the azimuth of profiles. A main bulk of our data comes from Kurchatov cruise 20, in which two Graf-Askania gravimeters were used with an IPE-OS gyrotable. The U.S. Navy satellite navigation was used to obtain navigational fixes. The gravity measurements on the cruise are accurate to about 3 to 4 mGal. The total extent of profiles treated in the computation of admittance is about 12,000 km. Figure 4 shows free-air gravity anomalies and depths over sections of profiles. Gravity anomalies were computed by using the 1930 international formula of theoretical gravity. Sediments are practically absent in the crestal zone of the ridge, so that fracture zones are seen well in both the topography and gravity. See Figure 
CROSS-SPECTRAL ANALYSIS
Profiles 1-4, 6, and 7 were projected along lines parallel to the ridge trend and then were broken into 30 sections each 400 km long. Table 1 lists the location of sections. The mean and trend were calculated and removed individually from each section. First and last 10% of each section were cosinetapered to suppress the distortion in spectra caused by a finite section length. In our case the experimental admittance is only slightly influenced by such tapering (whether it is applied or not, the changes are within the limits of rms error). Gravity anomalies and depths were linearly interpolated with a constant step of 6.25 km to make possible the fast Fourier transform. This step is about 2 to 3 times as large as that used in papers 1 and 3. We found that the interpolation step cannot be much smaller than the average spacing of measurements. Otherwise, a spurious rise in the short-wavelength admittance occurs. The gravity and depths were measured on our ships typically at a speed of about 16 knots (15 kin/h), and the records were sampled every 10 rain, which is equivalent to 5 kin.
We took Fourier transforms of the interpolated gravity and topography and computed the admittance as an average over 30 sections. Figure 2 shows the log•0 admittance together with other statistical quantities deduced from Fourier transform: gravity anomalies and depth spectra, the phase of the admittance, and the inverse Fourier transform of the admittance.
The last function represents a filter to predict gravity anomalies from the topography. The meaning of all these functions was discussed in paper 1. Next we will deal with the properties of the admittance and of other statistics computed from profiles across fracture zones, but let us first check if the spectral analysis is valid at all when applied to such profiles. Indeed, if the topography is strongly lineated parallel to the ridge trend, then our estimates of the admittance and spectra are distorted drastically. It is easy to predict the character of distortions.
True values for each wave number k will be shifted to lower wave number k sin A, where A is an angle made by a profile with the ridge trend. In other words, the admittance and spectra will be shifted to lower wave numbers (longer wavelengths). However, a comparison of estimates based on profiles along the Mid-Atlantic Ridge (this study) and across it (paper 3) does not reveal large deviations at long wavelengths. To compare the estimates correctly, we must first normalize them for differences in the mean ocean depth and in the density of the topography. Table 2 lists normalized dimensionless values of the admittance. Discrepancies are small and may well be explained by uncertainties in the values. We conclude that the profiles along the ridge and the profiles across it yield estimates of the admittance which are equally good. This implies that they are equally affected by the errors due to threedimensional topography. It is possible to obtain some measure of the errors from a relationship between the approximate 'profile' admittance and the true admittance (Appendix B, formula (B9)). The errors occurring at wave number k are small provided (1) the admittance changes slowly in some vicinity of k and (2) the depth spectrum drops rapidly with k growing. Both conditions hold in the vicinity of maximum admittance (Figures 2 and 3 In order to check additionally the reliability of the experimental admittance, we calculated theoretical gravity anomalies over profile sections by using the observed topography and experimental filter (Figure 4) . The rms deviations from measured anomalies are small, normally within the range 4 to 7 mGal. That the filter predicts the gravity well is not surprising because the coherence is high, more than 0.8, and the phase is close to zero in wavelengths 25 to 80 kin, which also correspond to a maximum in the gravity and topography spectra. The same filter was employed to predict gravity anomalies along profiles 9 to 15 which run across the Mid-Atlantic Ridge. The rms deviations from measured anomalies fall within the same range with implication that the filter is equally effective in both sets of profiles.
COMPARISON WITH MODELS
The theoretical admittance for the Airy isostasy and for the elastic plate is shown in Figure 3 . Formulas to compute the admittance for the models were derived in papers 1 and 2, and more strict formula (AI6) is derived in this study (Appendix A). We kept to the equations of paper 2 in actual calculations to provide easy comparison of the results and also because our formula (A16) yields the same values near the maximum of the admittance.
The experimental admittance computed from our profiles across fracture zones may formally be explained by both models considered. For the Airy model of isostasy the best-fitting depth of compensation is 28 km, and a confidence interval is 23 to 33 km at a 95% level. For the elastic model the best fitting thickness of the plate is 6 km, and a confidence interval is 5 to 7 km at a 95% level. Clearly, the Airy type of isostasy must be rejected, since it is known that the crust is less than 10 km thick near the ridge axis. We remind that McKenzie and Bowin in paper 1 and Cochran in paper 3 already used this argument to reject Airy isostasy. The importance of our ½on-firmarion of earlier results is twofold: (1) an enlarged and completely new set of data is used in this study, and (2) unlike the previous studies, we deal with the data representing the fracture zones only.
Our estimates of the plate thickness are close to the estimate deduced in paper 3 from profiles across the ridge. Some difference in the estimates (9 km from profiles across the ridge and 6 km from profiles along it) may reflect a real difference in the properties of the lithosphere in two directions. In this section we solve a problem of the deformation of a thick compressible elastic layer by using the Airy stress function [Timoshenko and Goodier, 1970] . It is interesting that the algebra and integrations involved do not exceed those used by 
